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ence	 sequence	 databases	 for	 determining	 phylum-specific	 species-level	 clustering	















were	 truncated	 to	 the	 respective	amplicon	 length.	Overall,	OTUs	generated	more	









achieved	 through	 the	meticulous	 study	of	morphological	 features,	
a	 time-consuming	 process	 demanding	 expert	 taxonomical	 knowl-
edge.	 Currently,	 metabarcoding	 using	 high-throughput	 sequenc-
ing	 (HTS)	 allows	 for	 the	 acquisition	 of	 large	 volumes	 of	 sequence	
data	 from	multiple	 bulk	 samples	 containing	 numerous	 individuals,	
offering	 a	 cost-effective,	 efficient,	 and	 rapid	way	of	 assessing	 the	
diversity	of	complex	communities.	DNA	barcode	sequences	stored	
in	digital	repositories	(e.g.,	GenBank,	SILVA,	BoLD)	coupled	to	mor-
phologically	 identified	voucher	 specimens	expedite	 species	 identi-

















to	 function	as	a	proxy	for	species.	Typically,	 sequence	similarity	 is	
set	to	97%	based	on	bacterial	species	delineation	via	DNA–DNA	hy-
bridization	 (Stackebrandt	&	Goebel,	 1994)	 yet	 has	 been	 shown	 to	
differ	 between	 taxonomic	 groups	 and	molecular	markers	 (Behnke	
et	 al.,	 2011).	 Recently,	 clustering-free	 approaches	 such	 as	 Dada2	
and	 Deblur	 are	 becoming	 increasingly	 popular,	 the	 former	 being	













al.,	2017).	 In	 this	 respect,	 the	Naïve	Bayesian	Ribosomal	Database	
Project	classifier	(RDP)	has	been	shown	to	yield	increased	taxonomic	




tary	environment	 (Vanreusel	et	al.,	2010)	where	 they	are	 typically	
the	most	 numerous	meiofaunal	 taxon	 and	 essential	 to	 ecosystem	
functioning	by	facilitating	mineralization,	nutrient	cycling	as	well	as	
the	provision	of	a	high-quality	 food	source	 (Bonaglia,	Nascimento,	
Bartoli,	 Klawonn,	 &	 Brüchert,	 2014;	 Leduc,	 2009).	Morphological	
identification	of	 nematodes	demands	 the	 time-consuming	process	
of	compound	microscopy	while	the	existing	taxonomical	knowledge	













with	 a	 large	 collection	 of	 rare	OTUs	 (“head-tail”	 pattern),	 thereby	






evaluate	 the	 utility	 of	 OTUs	 as	 a	 proxy	 to	 species	 by	 calculating	
marker-specific	 clustering	 thresholds	 derived	 from	 inter-	 and	 in-
traspecific	 p-distance	 values	 from	 curated	 Sanger	 sequences,	 2/
compare	the	efficacy	of	 the	18S	ribosomal	and	mitochondrial	COI	
molecular	 markers	 in	 nematode	 metabarcoding,	 3/compare	 two	
read-merging	 strategies	 for	 generating	 OTUs	 (Pear/Fastq_merge-
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2  | MATERIAL S AND METHODS
2.1 | Sanger data
We	 generated	 18S	 and	CO1	 sequences	 from	 nematodes	 sampled	
in	 the	equatorial	North	Pacific,	Cuba,	 Italy	 (Panarea	 Island),	Papua	
New	Guinea,	the	Netherlands,	Tunisia,	and	Vietnam.	All	nematodes	










40	 (Tergitol	 Sigma),	 and	 0,45%	Tween	 20).	DNA	 extractions	were	
completed	 by	 adding	 1	µl	 proteinase	K	 [10	mg/ml]	 and	 heating	 to	
65°C	 for	60	min	 followed	by	95°C	 for	10	min.	 Samples	were	 then	









terspecific	 p-distances:	 438	 and	 290	 sequences	 for	 18S	 and	CO1	
(“refDBs”)	with	each	species	being	 represented	by	maximum	eight	
and	22	 specimens,	 respectively	 (Supporting	 Information	Appendix	
S4).	 Sequences	were	 aligned	 using	Muscle	 and	 default	 settings	 in	
Geneious®	v.9.1.6	 (Edgar,	2004;	Kearse	et	al.,	2012).	Stop	codons	







using	 default	 settings	 and	 pairwise	 deletion	 of	 gaps/missing	 data	
(Kumar,	Stecher,	&	Tamura,	2016).	The	resulting	similarity	matrix	was	










evant	 specimens	came	 from	different	 regions	 (divergence	 through	
isolation),	 and	 3/the	 p-distances	 showed	 consistent	 patterns	 that	
divided	specimens	 into	clear	groups,	that	 is,	 low	values	within	and	
high	between	groups.	Cryptic	species	were	indicated	as	such	by	ap-
pending	 a	 letter	 to	 the	 label.	 Finally,	 species	delimitation	distance	






resented	 orders;	 Chromadoridae	 (n	=	27),	 Cyatholaimidae	 (n	=	38),	
Oncholaimidae	 (n	=	29),	 Oxystominidae	 (n	=	16),	 Sphaerolaimidae	
(n	=	15),	and	Xyalidae	(n	=	49).	A	threshold	value	within	5%	RE	could	
not	be	derived	for	Chromadoridae,	Oncholaimidae,	and	Xyalidae;	for	







resenting	39	nematode	 species	 (Supporting	 Information	Table	S1).	
A	 reference	sequence	 for	18S	and	CO1	was	not	available	 for	 four	
DNA	extracts	and	thus	was	not	included	in	mocks	C/D	as	well	as	the	









amplified	 using	 primers	 JB2-JB5GED	 (JB2),	 JB3-JB5	 (JB3),	 and	
SSU_F_04-SSU_22_R	 (18S),	 respectively;	 these	 were	 constructed	
with	Illumina	overhang	adapters	as	described	in	“16S	Metagenomic	
Sequencing	Library	Preparation.”	To	minimize	and	test	for	the	bias	
generated	by	multiple	PCR	cycles	 toward	 the	most	abundant	 taxa	
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(Suzuki	&	Giovannoni,	1996),	we	chose	 two	cycling	conditions,	30	
and	12	cycles.	The	 four	samples	were	amplified	 in	 triplicates	with	
the	following	PCR	conditions:	18S:	95°C	2	min,	12/30×	(95°C	1	min,	
57°C	 45	s,	 72°C	 1	min),	 72°C	 10	min;	 CO1:	 95°C	 2	min,	 12/30×	
(95°C	1	min,	50°C	45	s,	72°C	3	min),	72°C	10	min.	The	mix	consisted	
of	8.4	μl	PCR-grade	H2O,	4	µl	Phusion	buffer,	4	µl	Dye,	0.4	µl	dNTP	






















We	 compared	 two	 read-merging,	 two	 clustering	 algorithms,	 the	
Dada2	pipeline	and	assessed	the	accuracy	of	taxonomic	assignment	
with	 the	RDP	classifier	 (Wang,	Garrity,	Tiedje,	Cole,	&	Al,	2007)	
given	 reference	 databases	 differing	 in	 the	 number,	 length,	 and	
taxonomic	coverage	of	sequences	(pipeline	flowchart,	Supporting	
Information	Figure	S2).	Raw	data	 in	 fastq	 format	were	delivered	
demultiplexed.	The	low	PCR	cycle	samples	failed	to	yield	sufficient	







truncated	 from	 the	 5′	 and	 3′	 read	 ends	 using	 Cutadapt	 (v1.12,	
Martin,	 2011)	 by	 firstly	 trimming	 the	 5′	 adapter	 (anchored)	 fol-
lowed	by	trimming	the	3′	adapter	(anchored)	with	untrimmed	se-
quences	 discarded.	 Chimeric	 sequences	were	 removed	with	 the	
USearch61	algorithms	Uchime_ref	and	Uchime_denovo	 in	Qiime1,	
retaining	reads	only	if	they	were	flagged	as	non-chimeric	by	both	
with	 the	 Silva99_refDB_mock	 and	 refDB_mock	databases	 for	 ri-
bosomal	and	mitochondrial	reads,	respectively.	Stop	codons	were	
removed	 from	 the	 CO1	 data	 using	 custom	 scripts.	 Reads	 were	
clustered	using	the	cluster_otus	command	in	USearch9	and	pick_




n	=	49,	 CO1:	 n	=	47;	 mix	 of	 short	 and	 long	 fragments	 for	 both	
markers).
2.	 refDB_mock:	Sanger	sequence	data	used	in	the	p-distance	calcu-
lations	as	well	as	the	mock	specimens	(18S:	n	=	458,	CO1:	n = 311; 
mix	of	short	and	long	fragments	for	both	markers).
3.	 refDB_mock_trimmed:	 18S_refDB_mock	 trimmed	 to	 the	 short	
amplicon.
4.	 Silva99_refDB_mock:	 20,201	 eukaryotic	 18S	 sequences	 ex-





Databases	 1–4	were	 tested	 in	UClust_ref	 while	 all	 five	were	
used	as	 training	 sets	 in	RDP	with	a	 confidence	estimate	of	0.80	
to	test	the	effect	of	sequence	abundance,	length,	and	taxonomic	




α-diversity	 metrics	 (Shannon/Simpson	 indices,	 observed	 OTUs)	
using	 the	 single_rarefaction.py	 and	 alpha_rarefaction.py	 scripts	
in	Qiime1	 for	 the	 94%,	 97%,	 and	 99%	 clustering	 threshold.	 The	
effect	 of	 experimental	 treatment	 (equimolar	 vs.	 isovolumetric)	
was	 tested	 for	 statistical	 significance	 [distance	metric:	weighted	
UniFrac	 (Lozupone	&	Knight,	2005),	method:	PERMANOVA,	999	
permutations]	using	the	beta_diversity_though_plots.py	and	com-
pare_categories.py	 scripts	 in	Qiime1	 at	 94%	 and	 99%	 similarity.	




github.io/dada2/tutorial.html)	 with	 the	 exception	 of	 the	 quality	
filter	parameters	which	were	as	 follows:	maxN=0,	maxEE=c(2,5),	
rm.phix=TRUE,	 and	 truncQ=2.	 Taxonomic	 assignment	 with	 RDP	
was	completed	 in	Qiime1;	all	 results	were	graphed	 in	GraphPad;	
bioinformatic	commands	are	provided	 in	Supporting	 Information	
S3.	Neighbor-joining	trees	of	the	18S	refDB	sequences	were	made	












three	 replicate	 cores,	 homogenized,	 and	 again	 divided	 into	 three	
parts	kept	frozen	in	 liquid	nitrogen,	formalin,	or	DESS.	Nematodes	













3.1 | Sanger data reference database
The	 database	 consisted	 of	 438	 ribosomal	 and	 290	 mitochondrial	
sequences,	 collectively	 representing	9	out	of	25	nematode	orders	





tween	 0	 and	 0.381	 and	 overlapped	with	 intraspecific	 p-distances	
which	 ranged	 from	0	 to	0.199.	The	mitochondrial	data	were	more	
segregated	than	the	18S	data;	intraspecific	distances	ranged	from	0	
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to	0.288	and	interspecific	between	0	and	0.546	(Figure	1).	Species	
Microlaimus honestus and	 Robbea porosum	 were	 characterized	 by	
high	 intraspecific	 diversity	with	 p–distance	 values	 exceeding	0.20	










3.2.1 | Read assembly, quality check, and 
similarity thresholds
Pear	and	Fastq_mergepairs	assembled	98%	and	59%	of	reads	across	
the	 three	 primer	 pairs,	 of	 which	 69%	 and	 88%	 were	 retained	 by	




JB3	 data	 combined	 contained	 fewer	 chimeras	 than	 18S:	 0.12%	 in	
Pear	reads	and	0.11%	in	Fastq_mergepairs	while	3%	of	CO1	reads	
were	removed	for	Pear	and	Fastq_mergepairs	due	to	the	presence	
of	 stop	codons.	Overall,	 67%	and	46%	of	18S	 reads	and	66%	and	
55%	of	CO1	 reads	were	 retained	when	assembled	using	Pear	 and	
Fastq_mergepairs,	 respectively.	Despite	 a	 lower	percentage	of	 as-
sembled	 reads,	UClust_ref 18S	OTUs	 resulting	 from	Fastq_merge-
pairs	were	assigned	to	five	and	two	additional	species	compared	to	
Pear	 at	 97%	and	99%	 similarity,	 respectively	 (Figure	2,	 left);	 thus,	
further	 testing	 of	 clustering	 databases	 and	RDP	 training	 sets	was	












one	 species	 less	was	assigned	at	99%;	overall	USearch9	OTUs	 re-
sulted	in	the	least	number	of	assignments	and	were	thus	excluded	
from	further	taxonomic	comparisons.
3.2.2 | OTU picking and amplicon sequence variants 
(ASVs)
The	two	clustering	algorithms	generated	distinct	results	in	the	18S	




tial	 (Supporting	 Information	Figure	 S5).	 The	number	 of	UClust_ref 
OTUs	 was	 largely	 similar	 across	 reference	 databases,	 generating	
an	average	of	6,212	and	3,617	OTUs	for	Pear	and	Fastq_mergepair	
reads	 at	 99%,	 respectively.	Clustering	 at	 97%	 resulted	 in	 an	 aver-



















pair	 reads,	 respectively.	The	Dada2	pipeline	 resulted	 in	75	and	82	
ASVs	for	JB2	and	JB3,	respectively.





(30/35,	 86%;	 32/39,	 82%,	 respectively)	 in	 Fastq_mergepairs	 reads	
and	UClust_ref	OTUs	 at	 a	 clustering	 threshold	 of	 99%	 (Figure	 4a,	
Supporting	Information	Figure	S6A).	ASVs	were	assigned	to	23/39	
TA B L E  1  Threshold	distance	and	relative	error	by	family	for	18S	
reference	sequences,	median	value	in	brackets
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(59%)	 species.	Taxonomic	diversity	 represented	 in	 the	 training	 set	
strongly	influenced	the	performance	of	RDP;	regardless	of	cluster-
ing	reference	database	or	clustering	threshold	(97%/99%)	used	for	
Uclust_ref	 OTUs,	 the	 smallest	 taxon-specific	 training	 set	 (mock)	





Figure	 S6A,B).	 The	 exclusion	 of	 non-nematode	 sequences	 (i.e.,	






The	number	of	 species	 and	 genera	detected	 in	 JB2	mitochon-
drial	 OTUs	 and	 ASVs	 was	 comparable	 between	 algorithms	 and	
identical	across	training	sets	at	94%	and	97%	similarity	(Figure	4c,d,	
Supporting	 Information	 Figure	 S6C,D).	 Similarly,	 the	 JB3	OTU	 as-
signments	were	 identical	at	94%	and	97%,	with	 the	mock	 training	
set	 gaining	 one	 additional	 species	 over	 refDB_mock	 (Figure	 4d,e,	
Supporting	 Information	 Figure	 S6E,D).	 Species	 detections	 were	




training	 set	 detecting	 one	 additional	 species	 (Adoncholaimus	 sp.)	
compared	to	refDB_mock.	The	ASVs	detected	a	similar	number	of	
species	as	the	OTUs;	18/39	(46%)	and	16/39	(41%)	for	JB2	and	JB3	
reads,	 respectively,	 with	 the	mock	 training	 set.	 Assignments	with	
refDB_mock	were	strikingly	reduced	with	just	two	and	three	species	
for	JB2	and	JB3	ASVs.





18S	 and	 either	 mitochondrial	 dataset	 (Figure	 5).	 Independently,	
18S	OTUs	were	assigned	to	30/35	genera,	32/39	species	and	JB2/
JB3	OTUs	were	 assigned	 to	26/35	genera,	29/40	 species,	 respec-
tively.	Within	the	mitochondrial	dataset,	nine	genera	and	10	species	
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were	detected	 in	 the	 JB3	OTUs	exclusively	while	 five	 genera	 and	
eight	 species	 were	 specific	 to	 JB2.	 Detection	 of	 the	 specimens	
Sphaerotheristus sp.	 and	Dorylaimopsis tumida was	exclusive	 to	 the	
JB2	 and	 JB3	OTUs,	 respectively,	while	 seven	 species	 (Oxystomina 
sp.,	Meyersia	 sp.,	 Litinium sp‐nov., Halalaimus	 sp.,	 Epacanthion	 sp., 
Enoploides	 sp.,	 and	 Deontolaimus	 sp.)	 were	 only	 detected	 in	 18S	
OTUs.
The	18S,	JB2,	and	JB3	ASVs	collectively	detected	29/35	(83%)	
genera	 and	 30/39	 (77%)	 species	 of	 which	 seven	 (Oncholaimus 
sp.,	 Micoletzkyia	 sp.,	 Siphonolaimus	 sp.,	 Sphaerolaimus maeoticus, 
Sphaerolaimus maeoticusB, Campylaimus gerlachi,	 and	 Spilophorella 
aberrans)	 were	 shared.	 Six	 unique	 species	 were	 detected	 in	 ri-
bosomal	 ASVs	 (Epacanthion	 sp.,	 Oxystomina	 sp.,	 Daptonema	 sp.,	
Halalaimus	sp.,	Steineria vietnamica,	and	Enoploides	sp.),	three	in	JB2	




Oxystomina	 sp.,	Micoletzkyia	 sp.,	 and	Oncholaimus	 sp.	were	 over-
represented	with	an	average	of	225,	151,	and	149	OTUs	per	mock,	
respectively	 (Figure	6a).	These	 taxa	were	assigned	 to	 two	to	 five	
highly	abundant	OTUs	(1,000–69,000	reads)	and	several	hundred	
rare	OTUs	(<800	reads).	The	ASVs	exhibited	a	similar	pattern,	most	
evident	 for	Oxystomina	 sp.	which	was	 assigned	 to	 16	ASVs,	 four	
of	 which	 represented	 between	 200	 and	 5,000	 reads,	 while	 the	
remaining	 12	 consisted	 of	 less	 than	 20	 (Figure	 7a).	 Interestingly,	
dominance	 in	 terms	of	OTUs/ASVs	was	not	mirrored	 in	 reads	 for	
Oxystomina sp.	 which	 on	 average	 represented	 ca.	 2%	 of	 reads	
(Figures	6d,	7d).
OTU	 abundance	 in	 the	 mitochondrial	 datasets	 was	 concor-
dant	 with	 the	 known	 composition	 of	 the	 mocks	 yet	 variable	 in	
ASVs	(Figures	6b,c,	7b,c).	The	maximum	number	of	OTUs	per	spe-
cies	was	 three	 for	 JB2	 (Sphaerolaimus maeoticusB)	 and	 six	 for	 JB3	
(Micoletzkyia	sp.),	while	nine	(Parasphaerolaimus	sp.,	Paramonohystera 
megacephala)	and	18	(Cephalanticoma	sp.)	ASVs	were	found	in	JB2	
and	JB3,	 respectively.	Similar	 to	 the	18S	data,	 the	majority	of	mi-
tochondrial	ASVs	per	species	were	very	rare;	the	four	most	abun-
dant	 ASVs	 represented	 over	 98%	 of	 reads	 for	 Parasphaerolaimus 
sp.,	 Paramonohystera megacephala,	 and	 Cephalanticoma	 sp.	 in	
JB2	 and	 JB3.	 The	most	 abundant	 species	 in	 terms	 of	 reads	were	
Parasphaerolaimus	sp.	 in	JB2	and	Micoletzkyia	sp.	 in	JB3	OTUs	and	
ASVs	(Figure	6e,f,	7e,d).
3.3 | Equimolar versus isovolumetric pooling
The	 taxonomic	 assignment	 of	 OTUs	 was	 comparable	 between	
equimolar	 and	 isovolumetric	 libraries	 with	 no	 statistically	 sig-
nificant	 differences	 using	 weighted	 UniFrac	 distance	 (p-values:	
18S:.0.342;	JB2:	0.330;	JB3:	0.657).	Equimolar	pooling	did	result	
in	slightly	higher	diversity	estimates	for	18S	and	JB3	(Supporting	
Information	 Figure	 S3A–C,	 G-I).	 Rarefaction	 indicated	 that	 the	
number	 of	 OTUs	 in	 the	 18S	 dataset	 was	 far	 from	 saturated,	
while	 these	plateaued	 in	 the	mitochondrial	 datasets	 (Supporting	
Information	 Figure	 S3D–I).	 Indices	 of	 diversity	 in	 the	 18S	 data-
set	closely	resembled	that	of	the	mock	community,	where	MockA	
(5.36)	slightly	exceeded	and	MockB	(5.15)	reached	98%	of	the	true	































































































































4.1 | Species‐level identification using curated 18S 


















species	 delineation	 thresholds	 is	 challenging	 given	 overlapping	
intra-/inter-specific	 distances	 within	 diverse	 and	 insufficiently	
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described	groups	 (Meyer	&	Paulay,	2005);	 nonetheless,	 the	 calcu-
lation	 of	 empirically	 derived	 taxon-specific	 clustering	 thresholds	
should	be	adopted	over	the	use	of	standardized	parameters	(Alberdi,	






4.2 | Clustering open‐reference, denovo, or not 
at all
Clustering	 threshold	 is	 one	 of	 the	 most	 important	 factors	 influ-
encing	OTU	composition	 in	heuristic	algorithms	such	as	USearch9	
























Porazinska,	 Giblin-Davis,	 Esquivel,	 et	 al.	 (2010)	 while	 ASVs	 were	
more	 similar	 with	 1–16	 per	 species	 (Figure	 7).	 A	 large	 number	 of	
OTUs	need	not	be	 reflected	 in	 the	 respective	amount	of	 reads	as	
the	vast	majority	would	be	rare.	A	strong	disagreement	 in	relative	
abundance	of	OTUs	and	reads	was	observed	in	Oxystomina	sp.,	sug-
gesting	 this	 species	exhibits	 increased	 intragenomic	variation.	The	
“head-tail”	pattern	was	far	less	prevalent	for	CO1,	where	just	three	
F I G U R E  5  Species	taxonomy	of	UClust_ref	OTUs	with	the	RDP	classifier	for	18S	at	99%	(dark	grey)	and	JB2/JB3	(light	grey/chequered)	
at	94%	(left).	Species	order	based	on	neighbor-joining	tree	of	the	18S	mock	sequences	(right;	model:	p-distance,	bootstraps:	100).	RDP	
training	set:	mock,	UClust_ref	database	18S:	Silva99_refDB_mock;	JB2/JB3:	refDB_mock























UClust_ref	 in	 combination	 with	 a	 high-quality	 reference	 database	
compared	 to	 USearch9	 (Figure	 2).	 Furthermore,	 open-reference	
clustering	 links	 sequence	 reads	 to	 known	 biological	 entities,	 does	
not	discard	any	data,	and	requires	reduced	computational	capacity	










ribosomal	 and	mitochondrial	 datasets	 were	 reduced	 compared	 to	
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&	Holmes,	2017),	and	ease	of	executing	the	pipeline,	ASVs	provide	a	
competitive	alternative	to	OTUs.
4.3 | Effect of training sets on taxonomic 
assignment with RDP
The	number	of	taxonomic	assignments	in	ribosomal	OTUs	differed	







compared	 to	 a	 larger	 one	 such	 as	 Silva99_refDB_mock	 (ca.	 2,100	
sequences)	or	the	most	extensive	training	set	Silva99_refDB_mock	
(>20,000	sequences)	including	representatives	across	the	eukaryotic	
domain.	Concurrently,	diverse,	 taxon-specific	 training	sets	 such	as	
Silva99_refDB_mock	and	Silva99_refDB_mock_Nematoda	detected	
the	most	nematode	species	in	the	Vietnam	sample	suggesting	that	
similarity	between	 sample	 and	 training	 set	 in	 terms	of	diversity	 is	
an	 important	factor	 influencing	the	accuracy	of	the	RDP	classifier.	







in	 order	 to	maximize	 the	 accurate	 identification	 of	 diversity,	 RDP	
training	 sets	 should	 be	 taxon	 and	 region	 specific	 with	 sequences	
truncated	to	the	length	of	the	amplified	fragment	of	interest.
4.4 | Moving forward in marine nematode 
metabarcoding







terpretation	 of	 HTS	 data	 in	 environmental	 samples.	 Given	 that	
OTUs	clustered	at	different	similarities	are	not	comparable,	their	
abundance	being	variable	by	several	orders	of	magnitude	across	













































































































































































































between	 equimolar	 and	 isovolumetric	 DNA	 pooling,	 suggesting	





The	 importance	 of	 reference	 sequences	 coupled	 to	 reliable	 taxo-




2015;	 Cowart	 et	 al.	 2015;	 Leray	 &	 Knowlton	 2015;	 Capra	 et	 al.	
2016;	Sinniger	et	 al.	2016),	 species-level	 resolution	 is	hindered	by	
the	 combined	effect	of	 incomplete	databases,	 inaccurate	designa-






shown	 that	 the	 current	 state	of	our	database	 can	 significantly	 aid	
diversity	 estimates	of	marine	nematodes.	 The	 scant	 availability	 of	
nematode	 reference	 sequences	 from	 diverse	 habitats	 such	 as	 the	
deep-sea,	seagrass	beds,	and	tropical	coral	reefs,	however,	hinders	
a	 comprehensive	 characterization	 of	 novel	 ecosystems.	 As	 such,	
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